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(57) Abstract 

There is described a diagnostic system comprising a desk-top, flat-bed optical colour scanner (101) which scans a substrate, such 
as a urine stick (107), which has been dipped in a container of analyte (105). The substrate (107) carries an image result generated by 
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scanner (101) is arranged to perform a colour analysis of the image by analysis of the digitised record and provides a quantified result for 
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DIAGNOSTIC SYSTEM 

The invention relates to a diagnostic system usable in a 
laboratory or, especially, at the point -of -care, eg. in 
a physician's office. 

Many diagnostic assays are available nowadays to 
physicians, and an increasing number do not require him 
to send the patient's sample (eg. blood, urine, saliva, 
stool) to a diagnostic laboratory for analysis. Such 
in-office assays enable a result to be obtained rapidly 
and entered on to the patient's computer record by the 
physician or his assistant. 

The in-office diagnostic assay kits frequently generate 
as their output an image (eg. a colour dot or a line or 
series of lines or another pattern) on a flat substrate 
(eg. paper or film) which, to produce a quantified 
result, require analysis by a specialized, dedicated 
reader, eg. a spectrophotometer tuned to a specific 
wavelength or an optical densitometer. As a result, 
with the proliferation of in-office assays the 
physician's office space is increasingly encroached upon 
by an array of such specialized readers, each producing 
results which must be input manually into the patient's 
computer record, an increasing burden on the physician 
which clearly raises the risk of mistakes occurring 
during data entry. 

We have now found that these problems may be reduced or 
avoided in a simple and straightforward fashion by the 
use of a digital image acquisition device (e.g a desk- 
top, flat-bed optical computer scanner) capable of 
generating a digitised record of the image produced by a 
diagnostic assay and of software capable of performing 
colour analysis of the image by manipulation (analysis) 
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of the digitised record. 

Thus viewed from one aspect the present invention 
provides a diagnostic apparatus comprising: 

1) a desk-top, flat-bed optical computer colour 
scanner capable of scanning a substrate (or a camera 
system with a digitised output capable of scanning or 
otherwise imaging that substrate) preferably a planar or 
substantially planar substrate; carrying an image result 
generated thereon by a chemical diagnostic assay and of 
generating a digitised record of such an image, said 
scanning suitably involving the detection of reflected 
or transmitted light; 

2) a personal or network computer coupled to the 
scanner and arranged to perform (eg. by operation of 
software loaded on the computer) a colour analysis of 
the image by analysis of the digitised record whereby to 
provide a quantified result for the diagnostic assay and 
preferably also to enter such result into the 
appropriate patient's file on the personal computer or a 
linked computer. 

Conveniently the apparatus and systems of the invention 
comprise a flat bed colour scanner (sometimes referred 
to as computer scanners) and a personal computer. 

The diagnostic apparatus (system) of the invention may 
and preferably will be arranged to analyse image results 
from a plurality (ie. two or more) of different assays. 
Moreover it is preferably also arranged to analyse 
images from and provide quantified results for assays 
which do not require colour analysis of the image, eg. 
where image analysis involves simply detection of 
presence or absence of an image component or 
determination of the intensity or relative intensity of 
one or more image components, eg. bands or dots in an 
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image generated following separation of components of a 
sample, optionally before or after labelling such 
components with a dye. 

By colour analysis, it is meant that the colour assigned 
to image pixels in the digitised record and not just the 
intensity assigned to such pixels is utilized in the 
analysis and that such utilization involves 
determination of a colour combination corresponding to 
the assigned colour or of the distribution or pattern of 
a plurality of colours. 

Viewed from a further aspect the invention also provides 
a method of analysis of image data from a chemical 
diagnostic assay which generates an image result on a 
substrate, said method comprising: 

i) obtaining a said image result on a substrate; 

ii) using a desk-top, flat -bed optical colour scanner 
(or a camera system with a digital or digitised 
output) linked to a personal or network computer 
scanning (or otherwise imaging) said image result 
whereby to pass to said computer a digitised record 
of said image result; 

iii) using said computer performing a colour analysis of 
said image result by manipulation of said record 
whereby to generate a quantified result for said 
assay and preferably also to* enter said result into 
a file for the appropriate patient (or physician) 
in said computer or a linked computer. 

The computer which performs the colour analysis is 
referred to above as a personal computer. By this is 
meant a desk-top or lap-top (or palm top etc.) or other 
relatively inexpensive machine, eg. of the type produced 
by Apple, Dell, Compaq, Olivetti, IBM and many others. 
Alternatively however a more powerful or extensive 
computer system may be used, especially where the system 
is located within a hospital or commercial organization 
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(in which case the scanner may be linked directly or 
indirectly, eg. telephonically, to a component of a 
computer network) . Indeed even with "personal" 
computers the connection to the scanner may be indirect, 
eg. telephonic. The results generated by the system and 
method of the invention are preferably entered directly 
onto the relevant patient's computer file, either on the 
PC, or on a central computer to which the PC is linked 
by a network, or on a remote computer via a permanent or 
impermanent linkage (eg. via the internet, etc.) . In 
general, the system and method of the invention are 
intended primarily for use in the clinician's 
office/laboratory or in a hospital diagnostics 
laboratory and so direct entry into the patient's file 
on the PC itself or on a network- linked computer is of 
particular interest. 

The desk top scanner and the PC used in this system may 
be standard products available on the personal computer 
and computer accessories market . This may operate in 
reflectance or transmission mode and in the latter 
instance may be a transparency (ie. slide or dia) 
scanner or a transparency scanner add-on to a larger bed 
scanner. One example of a scanner that may be used is 
the Relisys Infinity. This can be used to assign pixels 
to a grey scale or alternatively to assign a colour 
value (e.g. green, blue and red combinations) to each 
pixel . 

It has been found that transmission colour data from a 
transparent substrate, such as the HemoCue B-Glucose 
microcuvette from HemoCue AB f gives improved results 
over reflectance data from an opaque strip. In order to 
use transparent strips with a standard, flat-bed 
scanner, an adapter is required, for example, as shown 
in Figure 3. A suitable adapter 301 comprises two 
perpendicular, flat mirrored surfaces 302 which are 
placed over the strip 303 on the scanner glass 305 such 
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that they each make an angle of 45° with the scanner 
glass. Light 307 from the scanner passes vertically out 
through the glass (and thus through the substrate) and 
is reflected into a horizontal path by one mirror. The 
horizontal light is then reflected back towards the 
scanner glass by the second mirror. Thus, the scanner 
can detect an image of the light transmitted by the 
substrate in a position adjacent the substrate. 

The substrate on which the image result is generated by 
the diagnostic assay and which is read by the scanner 
may be any suitable transparent, opaque or partly opaque 
material, eg. transparent film or a membrane or matrix, 
including fibrous cellulosic webs such as paper. The 
substrate will be selected to achieve the image result 
generation required by the diagnostic assay and thus may 
for example be a photographic film or a porous (eg. 
microporous) membrane* Appropriate substrates, eg. 
nylon, PVDF, glass fibre, polypropylene fibre, polyester 
fibre, cellulose fibre, and nitrocellulose substrates 
are available from Pall Biosupport (eg. Biodyne, 
Immunodyne, LoProdyne, FluoroTrans, Leukosorb, Hemadyne, 
Hemasep, Accuwik, LoProsorb, Tissuquartz, etc.), Whatman 
Int. Ltd. (eg. Nitrocellulose, Cyclopore, Anopore and 
BCF180 membranes), Gelman Sciences (eg. Biotrace, and 
Ultrabind membranes) , and Millipore (eg. Immobilon, Hi- 
Flow, Stratapore and Ultrafree membranes) . 

As mentioned above, the PC may be one provided by 
manufacturers such as IBM, Dell, Compaq, Olivetti etc. 
Preferably the PC will have a processor equivalent to or 
superior to the Intel Pentium series (eg. P100, P130 or 
P200) . 

The diagnostic assay kits may for example be any of the 
currently available assay kits which generate results as 
images on substrates which are intended to be read in 
the visible spectrum by specialized, dedicated optical 
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reader systems. 

The software required is straightforward being required 
only to transform the digitised record for one or more 
different diagnostic assays into a quantified result and 
to assign that result to a selected file on the PC. 
Transformation may involve for example identifying the 
location, colour and/ or intensity of the relevant 
portion of the scanned images . 

Routinely the software will be capable of transforming 
digitised images into quantified results for a range of 
different assay kits, thus enabling the specialized 
dedicated readers to be dispensed with (so reducing 
office clutter) and avoiding the need for manual input 
of quantified results into the patient's record (so 
reducing workload and risk of errors) . 

The invention is not, however, limited to an arrangement 
comprising a flat -bed scanner and a personal computer. 
Viewed from a broader aspect the invention thus provides 
a method for analysis of an image result of a chemical 
diagnostic assay, comprising: 

scanning the image result to generate digital 
colour image data corresponding to the colour 
composition and distribution of the image result; 
and 

manipulating the digital colour image data, whereby 
to generate a quantified result for said assay. 

Alternatively stated the invention provides a method for 
analysis of an image result of a chemical diagnostic 
assay, comprising: 



scanning the image result to generate digital 
colour image data corresponding to the colour 
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composition and distribution of the image result; 
and 

applying to the digital colour image data a stored 
relationship between the colour composition of the 
image result and assay calibration data to generate 
a quantified result for said assay. 

Thus, according to this method, the optical components 
required to facilitate the quantification of the image 
result of the assay are greatly simplified, as the 
analysis of the image result is carried out by 
manipulating the digital colour image data rather than 
by optically selecting a required wavelength of light 
from the image result as has previously been known. For 
this reason, the scanning step may be carried out under 
the illumination of white light, rather than 
monochromatic light as has previously been the case. 
Thus, the range of devices available to generate the 
digital colour image data is significantly broadened. 
For example, as has been described above, a flat -bed 
colour scanner may be used. Alternatively, a digital 
camera may be used to generate the required digital 
colour image data. Furthermore, a video camera arranged 
to generate digital colour image data, for example by 
means of a frame grabber, may be used. Each of these 
devices is readily available to the medical 
practitioner. 

Viewed from a further broad aspect therefore, the 
invention provides a diagnostic system (ie. apparatus) 
comprising: 

an image acquisition device arranged to generate 
digital colour image data corresponding to the 
colour composition and distribution of an image 
result of a chemical diagnostic assay; and 



data processing means arranged to receive said 
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digital colour image data and generate a quantified 
result for said assay. 

Alternatively stated the diagnostic system comprises: 

an image acquisition device arranged to generate 
digital colour image data corresponding to the 
colour composition and distribution of an image 
result of a chemical diagnostic assay; and 

data processing means arranged to receive said 
digital colour image data, and generate a 
quantified result for said assay from a stored 
relationship between the colour composition of the 
image result and assay calibration data. 

As mentioned above, the image acquisition device may be 
a flat -bed scanner, a digital camera, a video camera or 
any other device capable of generating digital colour 
image data- 
in general, the image acquisition device will be 
arranged to scan the image result under the illumination 
of daylight or a white light source. For example, in 
the case of a flat-bed scanner, white light is generated 
by the scanner itself. However, in the case of a 
digital camera or video camera, the white light source 
may be external to the image acquisition device and may 
be simply the ambient lighting in the medical 
practitioner's office. In such cases, where the light 
source is not controlled by the image acquisition 
device, it is advantageous for calibration to take 
place. Thus, the digital colour image data may comprise 
data corresponding to the colour composition of a 
calibration object of a predetermined colour or 
colour (s) . The calibration object may be presented to 
the image acquisition device together with the image 
result or may be presented to the image acquisition 
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device in a calibration step. In either case, it is 
possible for the data processing means to compare the 
digital colour image data relating to the calibration 
object with stored data relating to the predetermined 
colour (s) of the calibration object and thereby 
determine a relationship between the colours and the 
digital colour image data. This relationship, which may 
be in the form of a look-up table or an algorithm, may 
then be used to translate the digital colour image data 
relating to the image result into normalised digital 
colour image data that is independent of the 
characteristics of the light source and the imaging 
device . 

The calibration object, or an additional calibration 
object, may also be used to calibrate the magnification 
of the image acquisition device. For example, the 
calibration object may be provided with a region of 
predetermined spatial dimensions from which the data 
processing means may calculate a relationship between 
the dimensions represented by the digital colour image 
data and the actual dimensions of the objects 
represented thereby. Alternatively, the image 
acquisition device may be maintained in a fixed spatial 
relationship with the plane in which the image result is 
or will be located. This is generally the case with a 
flat-bed scanner, but a suitable jig or the like may be 
provided for a digital camera or video camera. 

One example of a diagnostic assay kit suitable for use 
in the invention is the glycosylated haemoglobin assay 
developed by Axis Biochemicals AS and shortly to be 
marketed by Boehringer Mannheim. 

In this, a blood sample is contacted with a chromophore 
labelled boronic acid. The blue boronic acid compound 
binds to glycosylated haemoglobins and if the 
haemoglobin is coagulated and the sample placed on 
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filter paper the unbound blue boronic acid is drawn away 
from the central red/blue coagulated haemoglobin spot. 
The proportion of glycosylated haemoglobin is currently 
determined by ref lectometry - measuring the red/blue 
nature of the central haemoglobin spot. Colour scanners 
or similar image acquisition devices, which currently 
are capable of colour recognition between millions of 
colours, may be used according to the present invention 
to generate a digitised image of the absorbent substrate 
and from the colour assignment • of the central 
haemoglobin spot a quantified result for the 
glycosylated haemoglobin titre may be determined by the 
PC or similar data processing system. 

In principle, there are four ways of using colour in 
quantitative chemical analysis of images on planar 
substrates: 

1. Analysis of intensities of one colour on a specific 
location on the substrate. 

2. Analysis of a pattern or distribution of one colour 
on the substrate. 

3. Analysis of the intensities of different colours/ 
mixtures of colours on a specific location on the 
substrate . 

4. Analysis of a pattern of colours/distribution of 
colours on the substrate. 

The present invention is concerned with methods and 
devices for performing at least one of the methods 3 and 
4 above, and preferably methods 1, 2, 3 and 4. 

In all the four methods above, specific and non-specific 
colouring methods can be used. 
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Specific, semi-specific and non-specific colouring 
techniques are well known and illustrative Examples are 
mentioned in the discussion below. 

Protein dyes are used for example for protein dying on 
electrophoresis gels. Silver staining is an example of 
a sensitive method for dying of proteins. Coomassie 
Blue is a common protein dye when not so sensitive 
methods for protein visualisation are needed. 

Periodic acid/Schiff base dyes are semi-specific colours 
commonly used to dye glycoproteins and mucoproteins, as 
they bind preferentially to the carbohydrate moieties of 
the proteins. A dye conjugated to a semi-specific 
binding residue, like boronic acid, can be used to dye 
proteins that are glycated. Blue boronic acid 
conjugates such as described in WO-A- 92/08722 are used 
in commercial glycohemoglobin assays as mentioned above. 

Non-specific or semi-specific dyes can be used to obtain 
specific quantitation by the use of methods that ensure 
a specific localisation on the substrate. Immobilised 
specific antibodies are typical means to obtain a 
specific localisation, so are lectins and other proteins 
with binding specificity. However, if the analyte is a 
proteinaceous substance, unspecific dyes can dye both 
the binding proteins and the analyte. Therefore, 
another mechanism resulting in a specific localisation 
may be used. Such a mechanism can be for example a size 
exclusion horizontal chromatography or alternatively an 
electric field or a precipitating agent can be used. 
Thus for example size exclusion chromatography can be 
used for quantitation of proteins in urine, Rivanol can 
be used for specific precipitation of albumin, zinc ions 
for specific precipitation of haemoglobin, etc. In the 
latter example, zinc precipitation of haemoglobin can be 
used for specific localisation, while haemoglobin's own 
red colour can be used for quantitation of haemoglobin, 
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a bound blue boronic acid conjugate (eg. a xylene- 
cyanoletboronic acid conjugate) can be used for 
glycohemoglobin quantitation, and the blue to red ratio 
can be used to determine the % glycohemoglobin of total 
haemoglobin. As the mixture of red and blue will result 
in another mixed colour, the colour assigned by the PC- 
scanner or similar image acquisition device can be used 
as a direct measurement of the % glycohemoglobin. 

Specific colouring methods may also be used. These are 
methods that involve specific binding of a dye or dye 
precursor to the analyte. The dye or precursor carries 
a reporter group that can signalise this specific 
binding. Enzyme linked antibodies have been used in 
this regard. Such antibodies bind specifically to the 
analyte, and the non-bound antibodies (with the enzymes 
linked to the antibodies) are separated. The separation 
can be induced by any means that results in a different 
mobility of the binding partners in the device, eg. 
immobilisation of a capturing antibody reactive to the 
analyte, a precipitation of the analyte, or a capture or 
a precipitation of the enzyme -conjugated antibody. 
Lectins may be used in place of antibodies. 

Signals can be generated by chromogen substrates. 
Alternatively, the enzymes may be replaced by 
intensively coloured molecules (eg. oxazines, cyanins, 
triphenylmethines) . If such molecules lack the colour 
intensity necessary for a good signal formation, then 
colloidal gold or coloured microparticles may be used. 
Particulate dyes can be coated on or conjugated to 
colloidal gold or coloured microparticles . 

Intrinsic colour (analytes having colours in themselves) 
or added colours (with or without specific binding) , in 
combination with pattern- forming agents or means 
(capturing molecules, electric fields, precipitations 
and size exclusion filtration) , may be combined to form 
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multicolour images which can be used for quantitative 
chemical measurement of one or more analytes in the 
sample, and if desired calculation of relative 
concentrations of different analytes. 

Indirectly, specific colour can be obtained by immuno- 
precipitation: an antigen in the substrate may be 
immobilised by precipitation of a specific precipitating 
antibody. Non-precipitated antibodies and other non- 
precipitated proteinaceous material can then be 
transported away, and a non-specific dye can dye the 
spot with an intensity corresponding to the precipitated 
antigen. Thus for example, serum albumin can be 
precipitated by means of anti-albumin antibodies, 
washed, and dyed by the use of an unspecific protein 
dye, eg. Coommasie Brilliant Blue G250 or more 
preferably Brom Cresol Green. In a parallel spot on the 
substrate, the free thiol moieties of the precipitated 
albumin can be dyed by the use of a dithionitrobenzoic 
acid solution. By scanning, the albumin can be 
quant itated by means of the brom cresol colour, and the 
free thiol groups by means of the DTNB colour (the 
latter because antibodies do not contain free thiol 
groups) . In this way the number of free thiol groups 
per mol albumin can be measured using a two colour 
scanning system. 

Even simpler, albumin precipitation by Rivanol or 
capture by means of immobilised albumin binders of 
different origin can be used. Albumin binders for 
immobilisation are disclosed in WO- 92/08984. 

The analyte (or its binding partners) in the sample 
tested in the diagnostic assay can be contacted with a 
dye in a number of different ways, for example dropping, 
soaking, sequential elution through the substrate, or 
simultaneous elution through the substrate. 
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The transportation of the dye can take place vertically 
or horizontally to the surface. Elution through the 
area of interest is often facilitated by the use of 
absorption pads, either underneath or at the end of a 
substrate which is in the form of a porous membrane (eg. 
a filter) if horizontal migration takes place* 

Reactants can either be introduced with elution 
solutions or may be in dry form in the substrate and 
becoming solubilised by the elution. This can also be 
the case for dyes, especially when particulate dyes are 
to be used. 

In principle, a coloured spot can express concentration 
either by intensity or area. 

The intensity is the amount of colour per area unit, eg. 
in a vertical filtration system for glycohemoglobin . 
Thus for example quantitation by the use of haemoglobin 
precipitation and blue boronic acid can be used for 
intensity measurements of the red and blue colour (or 
the resulting mixed colour) on a spot the area of which 
is limited by the frame limiting the filtration area. 

The area or length of a spot as an expression of 
concentration has been used in thin layer chromatography 
systems with immobilised capturing antibodies along the 
migration path, which will capture antigen until all 
antigen is captured, and the use of a specific dye in a 
second elution along the migration path can be used to 
identify the area of captured antigen, and a wash 
solution migrating in the same direction can wash away 
excess dye to clearly make the area with captured 
antigen visible. If two sets of capturing antibodies 
and two different specifically binding dyes are used, 
two analytes can be quantitated by the use of different 
colours. Also combinations can be used: eg. albumin can 
be captured in one area, and TCCP or another 
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phthalocyanin can be used to dye the albumin, the area 
of albumin can be used to quantify the albumin in the 
sample, and the binding of blue boronic acid can be used 
to quantify the glycated albumins. In this case, not 
only the % glycated albumin is measured, but also the 
albumin mass concentration and the glycated albumin mass 
concentration. Since glycated albumin often is measured 
in mass units, this is an advantage over measuring only 
% glycated albumin, 

A combination of intensity and area may also be used, 
eg. in an ion exchange chromatography system with 
tertiary amine residues in a filter for separation of 
transferrin isoforms (see WO 96/26444) . After the 
separation, the filter is immersed in a suspension of a 
chicken anti -transferrin antibody (coated onto blue 
microspheres) which binds to the different bands of 
transferrin formed. Each band of transferrin is 
measured, both in width and in intensity, to give a 
signal volume (area x intensity) , and the concentration 
of the transferrin isoforms (absolute or relative 
concentrations) can be measured. 

A device for measuring the number of transferrin sialic 
acid residues can be constructed using a filter with 
immobilised anti -transferrin antibodies, the antibodies 
being pre -treated with neuraminidase to remove all 
sialic acid residues from the antibodies. As a first 
step, transferrin is captured by the immobilised 
antibodies. As a second step, a second transferrin 
antibody coated onto blue microspheres is passed through 
the filter membrane. In a parallel spot, a sialic acid 
binding lectin coated on colloidal gold is passed 
through the membrane. After washing, the ratio between 
the colloidal gold and the blue microspheres can be 
measured by the PC- scanner or similar image acquisition 
device . 
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In addition to the above, the system of the invention 
may be used in combination with appropriate 
photodetectors and/or illumination to quantify the 
properties of analytes exhibiting fluorescence and/or 
phosphorescence. Colour measurements could also be 
carried out beyond the visible spectrum, for example in 
the infra-red or ultra-violet regions. 

Information found in grey- scale or colour images can be 
collected and stored to file in digitised form using 
flatbed scanners, digital cameras or video cameras. The 
bit-depth of the stored digitised file (standard- bit- 
values: 1,4,8,15,32) will determine the amount of 
information that can be retrieved. The number of shades 
of grey or colour stored in these files are found as 
exponentials of 2, ie, bit-depth 1 (2 1 ) , 2 (2 2 ), 3 (2 3 ), 
15 (2 5 of each of red, green and blue colour), 24 (2 8 of 
each of red, green and blue colour) . This means that 1, 
4 and 8 bit files contains 2, 16 and 256 shades of grey 
respectively. Similarly a 15 bit file contains 
information about 32768 different colours (2 5 =32 
different shades of each of the red, green and blue 
colour) , and 24 bit files information about 16777216 
different colours (2 8 =256 different shades of each of the 
red, green and blue colour) . A bit depth of 32, 
possible to obtain even with rather simple flatbed 
scanners, makes it possible to store additional 
information of the colour intensities of each of the 
collected colours found in a 24 bit file. In more 
detail, this means that the last 8 bits are utilised for 
recording intensity, resulting in 256 different 
intensities (2 8 =256) for each of the 16777216 different 
colours stored. 

As a consequence of the information stored in the 
digitised files, quantitative measurement of colour is 
possible. Using a 10 bit file, 1024 different shades of 
grey are available. A digitised image of a single spot 
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of ink on white paper is measured as a high intensity 
black centre with edges along the rim composed of low 
intensity shades of light grey/ white. This information 
can be presented and visualised as a three-dimensional 
bell shaped surface with the third dimension expressed 
as intensity of black. Integrating across the surface 
gives the volume of the body covered by this surface. 
This volume can then be used as a direct quantitative 
measure when comparing different spots with different 
intensities. Similarly, using- 15, 24 or 32 bit files it 
is also possible to derive quantitative information 
regarding the colour composition of the original image. 
Colour measurements and quantif ication measuring spots 
of either pure red, green or blue colour is easy and 
equivalent to the measurement performed using grey scale 
data. One way of doing this is to transfer the recorded 
colour data by matrix calculations to hue-saturation 
values (HS -values) . However, quantification of mixtures 
of colours are more complicated. 

The optical part of flatbed scanners contains three 
different detectors each with spectral sensitivity to 
the three primary colours of light, i.e. red, green and 
blue, respectively. x(A) has a high sensitivity in the 
red wavelength area, y(X) in the green wavelength area 
and z(X) in the blue wavelength area. The colours that 
we perceive and which are recorded are all the result of 
different x(A), y(X) and z(X) proportions (stimuli) in 
the light received from an object. The resulting three 
values X, Y and Z being recorded are called tristimulus 
values. In this system every perceived and recorded 
colour can be expressed with its unique co-ordinate 
(X,Y,Z) in a co-ordinate system where the axes are 
formed by the three basic colours red, green and blue. 
Different numerical expressions have been developed to 
express colour numerically. In a photometer/ 
ref lectometer used in analytical chemistry to record 
colours and intensity, monochromators or multiple 
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sensors are used to measure the spectral reflectance of 
the object at each wavelength or in each narrow 
wavelength range. Simpler instruments, like flat bed 
scanners, as previously described measure colour by 
reflectance measurements only at the wavelengths 
corresponding to the three primary colours of light 
(red, green and blue) . The three different reflectance 
values recorded (tristimulus values) can then be used to 
convert the data to colour spaces like the "Yxy" , "LVb" 
or the "L*c*h" systems. Digital cameras and video 
cameras are also capable of producing a digital output 
for each pixel in a digital colour image composed of the 
X, Y and Z values (RGB values) for that pixel. Thus, 
the output from such cameras may be used interchangeably 
with the output of a flat -bed scanner for the purposes 
of the invention. 

Measurements of mixtures of different colours using flat 
bed scanners or similar image acquisition devices result 
in multivariate systems in terms of quantification of 
each of the colours in the mixture. Colours will be 
recorded as blends of each of the basic colours red, 
green and blue. A mixture of two different colours, eg. 
red and blue, may be recorded as a new colour with its 
own intensity. In digitised form this colour will be 
determined by the relative amount of each of the two 
chromophores used and characterised by its tristimulus 
values (X,Y,Z), the basis for all quantitative 
information stored. To quantify the relative 
relationship between red and blue in a spot composed of 
two colours, information regarding the specific colour 
recorded for the mixture is sufficient. Using flatbed 
scanners in colour mode and a sufficient bit depth of 
the digitised data, quantitative information can be 
achieved. However, to be able to perform the 
quantification of each of the colours in the mixture, 
standard solutions with known concentration must be 
used. Standards of two different colours and their 
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mixtures can be spotted on a white surface, measured and 
used to establish standard curves for the determination 
of the composition of an unknown colour spot composed of 
the same two colours. 

The complexity of the quantification process measuring 
colours will vary depending upon the spectral 
characteristics of the chromophores used. This is 
because only three different wavelength areas are used 
in the recording process using. flat bed scanners. The 
possibility of separating different chromophores then 
depends upon the spectral separation of the different 
chromophores involved and their absorption maxima 
relative to the sensitivity of the x(X) , y(X) and z{A) 
detectors of the scanner. The basis for separating 
different chromophores is that the reflectance from each 
of the chromophores used (eg. two or three) is different 
for at least one of these three wavelength areas. For 
optimal chromophore systems, ie. where the spectroscopic 
overlap at x(X) , y(X) and z (A) can be neglected, the 
corresponding X, Y or Z co-ordinate value can be used 
for their quantification. If chromophores with spectral 
overlap are used, all three values must be used as part 
of a multicomponent treatment of the recordings related 
to concentration. As an example, a blue and red 
chromophoric system with optimal spectral properties, 
the relative amount of red and blue chromophore can be 
calculated by measuring the average X/Z-ratio for every 
pixel in the recorded spot. By this way every mixture . 
of these two chromophores can be recorded and estimated 
using a flat bed scanner or similar image acquisition 
device • 

The relationship between the assay result and the colour 
image data may be stored in the form of a look-up table 
or an algorithm. In general, this relationship will be 
specific to a particular assay type and/ or substrate. 
Thus, for maximum flexibility, the data processing 
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system will have access to a plurality of relationships 
corresponding to the plurality of substrates that may 
require analysis. These relationships may be stored 
locally to the data processing system or may be stored 
remotely, in which case the data processing system may 
access the relationships by means of a network or other 
communication channel . In the case of remote storage of 
the relationships, a database of relationships may be 
maintained and updated centrally, for example by the 
manufacturer of the assay substrates. In this way, the 
latest analysis relationship will always be available to 
the medical practitioner. 

The look-up tables for the relationship between the 
detected colours and device independent colours or for 
the relationship between the device independent colour 
and the assay result will generally be large if all 
colour combinations are, provided for. Thus, preferably 
a reduced look-up table is provided for a set of 
predetermined measurements and the result for the 
particular colour value is interpolated between the 
known measurement points. 

Advantageously, the data processing means of the 
invention is arranged to automatically identify the 
substrate of the image result within the digital colour 
image data and thereby locate the areas of interest in 
the image data. 

Thus, from yet a further aspect, the invention provides 
a method of analysing a digital colour image of a scene 
comprising at least one object, said object comprising 
at least one field, the colour of which is indicative of 
a result of a chemical diagnostic assay, the method 
comprising: 

identifying the location of said object in said 
image ; 
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classifying said object; 

identifying digital colour data corresponding to 
said field by reference to stored data relating to 
said classified object and the location of said 
object; 

converting said digital colour data to a 
corresponding assay result. 

The object, which may correspond to the substrate of the 
image result, may be classified by geometric parameters, 
such as length, width, radius etc., by comparing 
identified parameters with corresponding geometric 
parameters for known objects. 

The substrate may be associated with a machine -readable 
identifier, for example a bar code, or similar machine- 
readable coding, the identifier including information 
relating to the assay type and preferably also the 
associated patient. Preferably, the identifier will be 
optically readable by the image acquisition device. 
However, it would also be possible for the identifier to 
be readable by a separate data acquisition device, for 
example a bar code scanner, magnetic strip reader, smart 
card reader or any device capable of converting data 
stored on the identifier to digital data which can be 
passed to the data processing system. In a simple form, 
the identifier may include a single number which 
corresponds to a record of a type of assay or a 
particular patient in a database accessible to the data 
processing system. However, the identifier may contain 
more information, which may or may not be associated 
with additional information available to the data 
processing system. 

Thus, viewed from a further aspect the invention 
provides a substrate for a chemical diagnostic assay the 
substrate having associated therewith a machine-readable 
identifier including information about the assay and 



WO 98/32004 



PCT/GB98/00120 



- 22 - 

preferably capable of identifying the patient source for 
the assay sample. 

Viewed from yet a further aspect the invention provides 
a method of analysis of a result of a chemical 
diagnostic assay provided on a substrate, the method 
comprising accessing by means of a data acquisition 
device data, which is preferably capable of identifying 
the patient source for the assay sample, stored in a 
machine- readable identifier associated with said 
substrate and performing an analysis of said result by 
reference to said data. 

Viewed from another aspect, the invention provides 
apparatus for the analysis of a result of a chemical 
diagnostic assay performed on a substrate, the apparatus 
comprising: 

a data acquisition device arranged to read data, 
which is preferably capable of identifying the 
patient source for the assay sample, from a 
machine-readable identifier associated with said 
substrate; 

a data processing system arranged to perform an 
analysis of said result by reference to said data; 
means for transferring said data from said data 
acquisition device to said data processing system; 
and 

preferably, means to transfer the assay result 
directly to a patient data file. 

For example, the assay result can be transferred 
directly to the P.C. data file for the patient 
identified by the data processing system using the 
identifier. 

It is important to note that the use of an identifier as 
described above has application to assay analysis which 
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does not utilise colour analysis as previously 
described. Thus, for example, the use of an identifier 
may be applied to the analysis of the colour intensity, 
size or location of a spot, or a series of lines, for 
example to produce a graph of chromatographically 
separated analytes for example as in sialylated 
transferrin detection for an alcohol abuse assay. 

For example, the above described identifier could be 
used with the following analysis system. The system 
comprises an optically sealed unit having disposed 
therein a digital camera or other similar image 
acquisition device in opposed relationship to an assay 
substrate. The container further comprises one or more 
monochromatic light sources or a polychromatic light 
source and one or more wavelength selectors, such that 
digital images may be acquired corresponding to the 
reflection or transmission of a specified wavelength of 
light by the assay result. 

Some embodiments of the invention and some examples will 
now be described by way of example only and with 
reference to the accompanying drawings, in which: 

Figure 1 is a schematic digital image produced according 
to the invention; 

Figure 2 is a schematic diagram of a PC and scanner 
arranged according to the invention; 

Figure 3 is a schematic view of an adapter used to 
enable a scanner to operate in a transmission mode. 

Figure 1 shows schematically an exemplary digital image 
2 produced by a scanner in accordance with the 
invention. The image 2 corresponds to an arrangement of 
objects 4 each of which contains one or more fields 6. 
In the following, such an arrangement of objects 4 will 
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be referred to as a "scene", the image 2 corresponding 
to the scene. Each of the objects may be, for example, 
a urine assay strip or a similar flat substrate. The 
fields 6 within each object 4 are defined regions, the 
colour of which is indicative of the result of an assay. 

The scene also comprises a calibration object 8. The 
calibration object 8 is of a predetermined colour or 
colours, which colour or colours are known to the data 
processing system for analysing the image 2. Thus, 
variations in the ambient lighting conditions or in the 
sensitivity of the photodetectors of the scanner between 
the production of subsequent images 2 can be compensated 
with reference to the calibration object 8. Suitable 
p rede te mined colours for the calibration object 8 are a 
grey scale (all greys from 0% to 100%) each shade of 
which will contain equal proportions of red, green and 
blue. The calibration object may be divided into 
identifiable fields each of a different grey shade or 
other predetermined colour. In an alternative 
arrangement, the calibration object may be replaced or 
supplemented by one or more calibration fields on each 
object 4. 

Each object may also comprise an identification field 
10, such as a bar code or other suitable machine- 
readable coding. The identification field 10 may 
contain information identifying the type of assay 
results represented by the fields, the sensitivity of 
the fields or other information relating to the object 
4. The identification field 10 is generally provided at 
a predetermined location on the object 4 such that it 
can be easily located in subsequent analysis of the 
image 2 or used to define the accurate positions of the 
fields 6. The identification field 10 may be applied to 
the object 6 as part of the manufacturing process or may 
be applied once the assay has been carried out. In the 
former case, the identification field 10 may simply 



WO 98/32004 



PCT/GB98/00120 



- 25 - 

contain a serial number or a code (e.g. a bar code) by 
which the particular object may be identified during 
subsequent use. Thus, the data processing system used 
to analyse the image 2 , may contain information 
associated with this serial number, and thus with the 
particular object 4. For example, the information may 
relate to the assay type, date and time of the assay 
etc. In the case of medical assays, the information may 
include data identifying the patient, such as name, age, 
sex, symptoms etc. If the identifying field 10 is 
applied to the object 4 after manufacture, the field 
itself may be used to store the information described 
above, thereby obviating the need for additional 
dedicated data storage. When the scene contains a 
plurality of objects 4 the identification field 10 may 
be used to differentiate between the objects and ensure 
that the correct results are associated with the correct 
object. In this way, the quantified assay result may be 
passed automatically to the correct patient file in a 
patient database. 

As has previously been described, the data processing 
system for analysing the image 2 may be a personal 
computer. An example of a suitable arrangement of a 
personal computer and scanner is shown in Figure 2 . 
Scanner 101 is connected to PC 103. In order to produce 
an image for analysis, a test strip 107 is dipped in a 
container of analyte 105 and then placed on the scanner 
glass. The PC 103 is also connected to a bar code 
reader 109 for reading bar codes from patient records, 
strips and analyte containers etc. The PC 103 has an 
optional data connection 111 to a remote computer for 
exporting assay results. 

Referring back to Figure 1, the personal computer is 
provided with object data relating to the various types 
of objects 4 that it is required to analyse, including 
the calibration object 8. The object data will, in 
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general, be supplied by the manufacturer of the objects 
4 and will include, for each object: the geometrical 
dimensions of the object (e.g. width and height or for 
circular or elliptical objects radius or radii) together 
with the tolerances for those dimensions; the number, 
location on the object (with tolerances) and 
identification of the fields 6 provided on the object 4; 
and the location of the identification field 10. For 
each type of field 6, some of which may be provided on a 
number of objects 4, field data will also be provided 
including: an identification of the property that is 
indicated by the field 6; and a description of the 
relationship between the colour of the field 6 and the 
property indicated by the field. The relationship 
between^ the colour of the field 6 and the property 
indicated by that field may be stored in the form of an 
algorithm, for example dependent on the mean and 
standard deviation of the property distribution with the 
indicating colour. Alternatively, the relationship may 
be stored as a look-up table which maps the colour of 
the field 6 on to the value of the property indicated by 
that field. The values stored in the look-up table may 
be determined empirically prior to the distribution of 
the objects for general use. 

The image will generally be stored in 24 bit colour, 
i.e. 8 bits for each component colour, for example red, 
green and blue. Before analysis of assay objects can be 
undertaken, the scanner should be calibrated. Such a 
calibration may be undertaken before every analysis or 
may be undertaken on installation of the scanner. The 
first step in the calibration is the production of an 
image corresponding to an empty scene, i.e. the scanner 
background which is preferably black. However, the 
background will not be perfectly black and dust or dirt 
deposits may result in blemishes on the background. The 
24 -bit empty image of an empty scene is converted to an 
8 -bit grey scale image by adding together the 8 -bit red, 
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green and blue values for each pixel and dividing the 
sum by three. The mean grey scale value is calculated 
for all pixels in the empty image, A grey threshold 
value is determined which is equal to the calculated 
mean grey scale value for the empty image plus a small 
offset, which may be, for example, a multiple or 
fraction of the standard deviation of the grey scale 
pixel distribution in the empty image. Thus, the grey 
threshold is deemed to be the value below which pixels 
may be considered to correspond to the scanner 
background. 

The positions of pixels with high grey values in the 
empty image are stored, these pixels being deemed to be 
due to dirt on the scanner background, and are deleted 
from all subsequent images, so that the image is not 
distorted by these "dirty pixels". 

The second stage of the calibration is the calibration 
of colour reproduction of the imaging system and the 
data processing system using the calibration object 8, 
The calibration object 8 is identified as an object in 
the same way as objects to be analysed (as is described 
hereinafter) , but is classified as the calibration 
object 8, The colours of the fields of the calibration 
object 8 determined by the data processing system are 
compared to the predetermined values for these colours, 
which are stored in the data processing system. On the 
basis of the differences in the determined colours and 
the expected colours, a calibration look-up table is 
calculated which maps the detected value of each colour 
component to its actual value. In the case of a flat- 
bed scanner, initially an image 2 may be processed which 
contains only the calibration object 8, so that the 
calibration look-up table can be constructed. As the 
variations in ambient light level will be insignificant 
for a flat bed scanner, there will be no need for re- 
calibration between subsequent images. However, the 
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calibration object 8 can be included in every scene if 
variations in the light source or the sensitivity of the 
photodetectors are expected. In this case the 
calibration object 8 will be identified initially by the 
data processing system and the calibration look-up table 
will be constructed before the other objects 4 in the 
scene are processed. 

In the first stage of processing an 8 -bit grey image is 
created from the 24 -bit colour. image by summing the 
three 8 -bit colour component (RGB) values for each pixel 
and dividing by three. Of course, the grey image may be 
created in any suitable manner, for example as a 
weighted average of the RGB values, rather than a simple 
average. This grey image is used in the identification 
of objects 4 and is not used in the analysis of the 
fields 6, where the 24 bit colour image is used. The 
dirty pixels identified in the calibration stage are 
removed from the image 2 by replacing their grey value 
with the mean value of their neighbouring pixels. The 
RGB values of the dirty pixels in the colour image are 
also respectively replaced by the mean RGB values of 
their pixels neighbouring the dirty pixel. This may be 
done before the grey image is created. The background 
in the grey image is removed by setting to zero the 
value of each pixel which has a detected grey value 
below the threshold calculated during the calibration 
stage . 

Subsequently, unwanted gaps in the image are removed by 
operating on the grey image with a maximum operator and 
then with a minimum operator. A maximum operator is a 
matrix of n by n pixels, the function of which is to 
replace the central pixel of the matrix with the highest 
pixel value occurring within the n by n matrix. 
Similarly, a minimum operator replaces the central pixel 
of the matrix with the lowest value found therein. Each 
pixel of the grey image is operated on as the central 
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pixel of the maximum/minimum operator. The size n of 
the operators is determined by the objects that are to 
be analysed. Objects that contain very dark regions 
(gaps) extending from one boundary to the other, or at 
least very close to the boundaries, will be considered 
as two objects by the data processing system as the gap 
will be indistinguishable from the background. Thus, by 
removing such gaps from the grey image it will be 
ensured that the objects are correctly identified by the 
data processing system. The gaps are not removed from 
the colour image, however. Thus the maximum gap size g 
to be removed from a particular image is the largest gap 
appearing in any of the objects in the image. The 
operator size n is equal to the maximum gap size g (in 
meters) multiplied by the resolution of the image (in 
pixels per meter) . The maximum gap size g for each 
object is part of the object data stored in the data 
processing system for each object 4. The maximum gap 
size for a particular image 2 is the maximum gap size g 
for all objects which can appear in the scene. Thus, 
this may be the maximum gap size for the entire list of 
objects 4 stored in the data processing system or for a 
selected list of objects that has been defined by the 
operator as expected to be detected in the scene. 

Once the dirty pixels, background and gaps have been 
removed in the pre-processing stage, the contours of 
each object 4 in the grey image are traced. Any objects 
having a boundary less than a predetermined threshold 
are deleted as being of no interest. This threshold may 
be determined with reference to the list of all objects 
stored in the data processing systems or a user-defined 
list of all objects that are expected to appear in the 
scene. When the boundary of each object has been 
determined, the centre of the object is calculated and 
the principal axes (x, y shown in Figure 1) of the 
object 4 are determined. If, from the boundary, it is 
determined that the object is circular, any two 
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perpendicular axes coincident at the centre of the 
object are chosen. If it is determined that the object 
is square or rectangular, axes x, y are chosen 
perpendicular to the sides of the object 4. In this 
way, a coordinate system is established for each object 
of interest with the origin of the coordinate system at 
the centre of the object. The length and width (or 
radius) of the object have also been determined from the 
boundary, so that the object can be classified by 
comparison of these parameters "with the stored object 
data. If the object meets the criteria of more than one 
set of stored data, further features, such as field 
positions, of the object are identified and compared to 
stored data. The object is classified as the stored 
object type which it most closely matches, within an 
acceptable error range. If the object does not match 
the parameters for any of the object data, it is 
classified as an unknown object. The location of the 
fields within the classified object are known from the 
data stored in the data processing system in terms of 
the local coordinate system that has been determined. 
A complete set of data has now been created from the 8 
bit grey image, which data identifies each object in the 
grey image (and thus in the colour image) and the exact 
location of each field (including the identification 
field 10) in that object. Thus, from the 24-bit colour 
image the RGB values for each field 6 of each object 4 
can be retrieved. These RGB values can be converted to 
device -independent colour values using the calibration 
look-up table. The device- independent colour values can 
then be converted to assay values for each field using 
the assay relationship look-up table or algorithm. In 
addition, the information from the identifying field 10 
of each object can be read and associated with the assay 
values calculated for that object. All identifying and 
assay data is in electronic form and therefore can be 
passed easily to a, for example patient, database or 
similar internal or external data system for association 
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with other data relating to the assay, such as 
demographic or treatment data. 

As will be seen from the above, a flat bed scanner can 
be used simply to obtain accurate assay information from 
an assay object. The objects are placed face down on 
the scanner and scanned to create a digital image of the 
scene which is transferred to a data processing system 
such as a personal computer for analysis. The image may 
be stored in a device- independent format so that it may 
be processed at a remote location or archived for future 
reference. For cleanliness and ease of handling, the 
objects may be placed on or in a window, holder or 
adapter, which may advantageously locate the object on 
the scanner. 

However, the above processing methodology allows for the 
use of other data acquisition means, as there is no 
requirement for the accurate positioning or lighting of 
the objects. Hitherto, complex devices such as 
spectrophotometers have been used to ensure the accurate 
location of assay fields and the accurate reproduction 
of the colour of such fields. However, in accordance 
with the invention, accessible and relatively 
inexpensive colour digitisation equipment can be used to 
obtain the initial colour image data, which is then 
calibrated by the data processing system to obtain the 
assay results. Thus, as an alternative to a flat-bed 
scanner, a digital camera may be used to obtain the 
colour image data. In this case, the objects to be 
analysed are placed on a surface above which the camera 
is positioned. The scene is photographed by the digital 
camera to produce the digital colour image. The image 
may then be processed in the same way as for the image 
obtained by the scanner. However, in order to obtain 
accurate identification of the size of each object, data 
relating to the height of the camera above the surface 
and the camera angle may need to be made available to 



WO 98/32004 



- 32 - 



PCT/GB98/00120 



the data processing system. In addition, a calibration 
object may be required in each scene as the resultant 
image may be affected by ambient lighting conditions. 
The calibration object may also contain spatial 
calibration information such as one or more regions of 
predetermined dimensions. Similarly, as an alternative 
to the scanner or digital camera, a video camera and a 
frame grabber may be used to produce the digital image 
data. 

An advantage of a digital camera or video camera over a 
flat-bed scanner is that the substrate may be located in 
the view of the camera without physical contact 
therebetween. In the case of a flat-bed scanner, the 
assay substrate is placed face down on the scanner glass 
and thus deposits, such as urine, faeces or blood, from 
the substrate may be transferred to the glass. However, 
a camera may be positioned at a distance from the 
substrate, for example above the substrate, and may 
accurately generate digital colour image data of the 
substrate without contacting the substrate. 

The method of the invention is illustrated further by 
the following non-limiting Examples: 

Example 1 

Measurement of gly cohemogl ob in in whole blood using 
Xylene Cyanole-boronic acid conjugate 

Solution I comprised: 

Xylene Cyanole-DAPOL-CPBA (XC-DAPOL-CPBA, 2.3 x 10 4 M) , 
100 mm glycinamide, 25 mM zinc-chloride, 0.07% Triton 
X-100, 6% formamide, pH 8.1. 

2.5 (il of a whole blood sample was mixed with 150 /xl of 
solution I. The whole blood sample was hemolyzed and a 
precipitate was formed. The precipitated total 
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hemoglobin (red) with bound boronic acid (XC-DAPOL-CPBA) 
(blue) was separated by filtration on a filter membrane 
leaving a spot approximately 5 mm in diameter. This 
spot (image result) was then recorded using a flatbed 
scanner in "true colour" mode and the data stored to 
file in digitised form. Since the relative ratio 
between the two chromophores blue and red found in the 
spot is directly proportional to the glycation level of 
the blood sample, this ratio was estimated as follows: 

Detection method It 

The recorded mean tristimulus value (X m ,Y ffi ,Z m ) for every 
pixel in the image was compared with a colour table 
containing co-ordinates for all mixtures of red, green 
and blue corresponding to the bit depth of the recorded 
image. The ratio between blue and red dye found in the 
measured spot is given explicitly from the colour table. 
The percentage of glycohemoglobin to total hemoglobin 
was determined from a calibration curve composed of 
known concentrations of glycohemoglobin (x-axis) and 
tristimulus values (X ra ,Y n/ Z ra ) based on blue/red (XC- 
DAPOL-CPBA/Hb) -mixtures (y-axis) previously obtained 
measuring spots of standard solutions with known 
glycohemoglobin level. 

Detection method 2: 

From the recorded mean tristimulus value (X^Y^ZJ for 
every pixel in the image the ratio Z/X was calculated. 
The percentage of glycohemoglobin to total hemoglobin 
was determined from a calibration curve composed of 
known concentrations of glycohemoglobin (x-axis) and^ 
Z/X-ratio (y-axis) previously obtained measuring spots 
of standard solutions with known glycohemoglobin level. 

Detection method 3s 

From the digitised data, HS-values were calculated and 
compared. The percentage of glycohemoglobin to total 
hemoglobin was determined from a calibration curve 
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composed of known concentrations of glycohemoglobin (x- 
axis) and HS -values (y-axis) previously obtained 
measuring spots of standard solutions with known 
glycohemoglobin level. 

Example 2 

Operation of Scanning and Data Processing System 

Using, for example, a Cinet, 32MB RAM, 166 MHz Pentium 
processor PC coupled to a Hewlett Packard ScanJet 5p 
colour scanner, the process of the invention may be 
performed using the following steps; 

(A) The "scene" is configured 

(B) The scan of the scene is performed 

(C) The scene is segmented into "regions" 

(D) The regions are identified 

(E) The "quality" of the regions is checked 

(F) Data values determined are associated with patient 
identifier information 

(G) The data is exported to a central computer and into 
the appropriate patient file. 

In step (A), if appropriate, the operator will set a 
scan delay (e.g. 60 or 120 seconds) and select whether 
the substrate is to be scanned once or more than once, 
e.g. twice or more. 

The scan delay will generally cause appropriate prompt 
signals, e.g. audible beeps, to occur at pre -set delay 
times before the scan is performed. This allows the 
operator to effect the assay (e.g. dip substrate strips 
in urine, blood or other test substances) and place the 
substrate on the scanner bed so that the scanning takes 
place at the desired time after the assay commences. 
This is important as many assay results must be read at 
a particular time after assay commencement. Where 
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multiple substrates are to be read by the scanner, these 
will preferably be spaced apart on the scanner bed such 
that they are read by the scanner at the same time delay 
after they have been contacted with their test 
substance. To assist in this, a mask may be placed on 
the scanner bed showing the operator where to place the 
substrate or substrates. 

Multiple scans will be selected where it is desirable to 
follow the progress with time of the assay result,, e.g. 
to report the peak value or to report the change in 
value over a specific time period. Multiple scans will 
also be selected where the substrate is arranged for a 
multiple assay, i.e. to provide values for more than one 
parameter characteristic of the test substance (e.g. pH, 
glucose content, albumin content, ketone content, 
bilirubin content, haemoglobin content, erythrocyte 
count, specific gravity, nitrite content, etc.) where 
the individual assays involved require different 
development times. 

Because the assays may require specific development 
times, it is preferred in the methods of the invention 
to use reading devices (e.g. scanners) which have 
uniform start-up times, ie. which will read the 
substrate with the same time delay after instruction 
each time. For this reason, the HP ScanJet 5p has been 
found to be a preferred flat-bed scanner. 

In step (A) , the operator will generally also select the 
area to be scanned and select whether bar codes (or 
other machine readable codes) are allowed and optionally 
he will also select which such codes are allowed. 

Moreover the operator may select whether or not a prompt 
signal is required and the timing and type of such a 
signal (e.g. audible or visible). 
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If bar codes are allowed, the data handling operation 
will involve identification of the bar code or codes 
associated with the substrate or substrates. This may 
for example serve to identify the patient and/or the 
nature of the substrate and hence the assay or assays 
involved. A patient bar-code may conveniently be 
provided on a tear-off portion of the label for the 
sample -container for the test substance. Such a tear- 
off portion can be attached to the substrate before 
scanning or placed adjacent to. the substrate on the 
scanner bed. The substrate itself will preferably carry 
a code identifying its nature and hence that of the 
assay. 

The PC will conveniently be set up to offer the operator 
a list of substrates which it can read and from which to 
select the substrate (s) the operator is using. For the 
operator's convenience, where multiple substrates are 
being scanned, the operator will conveniently be able to 
specify whether all substrates derive from the same 
patient, whether all substrates are the same (ie. 
perform the same assays) , or whether a mixture of 
substrates is being scanned. Either before or after 
scanning, the operator will conveniently be prompted to 
identify the patient, e.g. by providing a code 
permitting the results to be exported to the patient's 
data file. 

With this input from the operator the scanning may 
proceed. 

If a prompt signal has been selected, the operator will 
wait for the prompt, dip the first substrate in the 
first test substance on receiving the prompt and then 
place it on the scanner bed in the assigned position 
after the required contact time, dip the second 
substrate on receiving the next prompt, etc. until the 
scanner bed is fully loaded. After the predetermined 
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period (s) from the first prompt the scanner will perform 
the first and any subsequent scans and export the image 
data to the PC. 

The subsequent image data handling by the PC can be 
effected in many ways and that described hereafter is 
simply a preferred scheme, 

(1) Find gap size 

(2) Make a binary or gray image 

(3) Find the "active" image 

(4) Remove noise 

(5) Run maximum operator in a first (x) direction 

(6) Run maximum operator in a second orthogonal (y) 
direction 

(7) Run minimum operator in x-direction 

(8) Run minimum operator in y-direction 

(It is possible to configure the scene to require the 
maximum and minimum operators to be run in one direction 
only. This saves time but restricts the location of 
objects. ) 

Gap size for the substrates is specified by the 
operators identification of the nature of the substrate 
in step (A) . 

The PC takes the image data and segments the scene into 
regions. For each pixel of the colour image, the colour 
black is assigned if the mean value of the R, G and B 
values ((R+G+B)/3) is below a first threshold and the 
difference between the highest and lowest R, G or B 
values is not greater than a second threshold value . 
This produces a treated colour image and from this a 
grey scale image is created using the mean R, G, B 
values now assigned to the individual pixels. For 
example this may be achieved by scanning an empty image, 
ie. a clean and empty scanner bed, and setting the first 
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threshold as the mean (R+G+B)/3 value for this empty 
image plus a pre -set value. The second threshold may be 
set as the product of a pre-set coefficient and the 
average value of the difference for the R, G and B 
values from the R, G and B values for the empty image. 
In other words, a pixel is not discarded if its average 
(R+G+B)/3 value is below the first threshold but one or 
two of its R, G and B values are individually noticeably 
higher than the respective "background" R, G or B value. 

From this grey image, the active area, the area 
containing the substrates and/ or bar codes, is selected 
by moving inwards from the image edges until the number 
of non-black pixels exceeds a preset limit . The noise 
may be removed by setting a noise size as half the gap 
size and removing all structures smaller than the noise 
size, ie. setting to black all pixels in such 
structures. This reduces the possibility of a noise 
pixel being included in an object boundary. Gaps are 
then removed by operating on the image with a maximum 
operator followed by a minimum operator. The maximum 
operator is as wide as the largest gap size for the 
objects (substrates) allowed in the scene. Of course, 
if the largest gap size is zero this operation is not 
required. 

The objects in the image are then located by finding a 
non-black pixel with an adjacent black pixel (ie. a 
border pixel) and following the path of adjacent such 
non-black pixels until the original is returned to. 

From the resultant list of border pixels, for each 
region the centre is calculated and the geometry is 
determined, e.g. as a rectangle or circle. Travelling 
from the centre of each region to its borders along its 
principal axes, the length and width of the region is 
calculated. 
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Each such region found by this segmentation step is then 
classified as an object or an unknown. The border data 
for the unknowns are combined to create regions which 
are classifiable as objects. For each object the length 
and width are compared with the length and width data of 
allowed objects (from the database stored by the PC 
which contains the characteristic data for the 
substrates it is set up to read) . A quality factor is 
then determined for the orientation of each object and 
the orientation is selected as 'being that with the 
lowest (ie. best) quality factor. For each object, the 
quality factors for all objects it is allowed to be is 
determined and the object is identified as being that 
with the lowest quality factor. 

For each field in the object (located using the data for 
the allowable objects in the PC's object database 
mentioned above) , the field centre is located. The 
position of the field is then fine-tuned by calculating 
for each R, G and B image the standard deviation for its 
fit to the allowable object when moved small distances 
Ax and Ay and selecting the position at which the 
standard deviation is minimised. The value of the 
parameter assayed for (e.g. pH, etc.) in each field and 
the quality, Q Fi «i d , for each field is determined and the 
quality factor is determined as the mean value of all 
the Q Fieid values. 

To determine the parameter value (and the Q rie id value) , 
the algorithm appropriate to that parameter must be 
selected. For some parameters in a multiple assay 
system this may not involve any colour analysis. 

In general, the determination will involve comparison 
against predetermined colours or patterns corresponding 
to a range of known values of the parameter observed 
using the particular substrate, selection of the two or 
three values with colour or pattern closest to the field 
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being analysed and interpolation to a determined value 
for the parameter. 

By way of example, for a parameter such as glucose 
content, the data handling preferably involves the 
following: 

1) exclude the outer 25% of the field to prevent 
quality loss from bad colouration at field edges; 

2) construct a histogram of calibrated pixels for the 
field using R, G, B values; 

3) calculate the mean R, G, B value based on the 
central, 50% of the pixels in the histogram; 

4) interpolate against calibration standard values as 
mentioned above. 

For a parameter such as erythrocyte count, ie, where 
non-uniformity of haemoglobin colour is indicative of 
the presence of non-lysed blood cells, the data handling 
might involve the following: 

1) From the PC database select two reference 
(calibration) points in colour space: 1 = {R lt G lt Bj) 
for the yellow background colour, and 2 = (R 2 , G 2 , B 2 ) a 
green colour for the blood cells; 

2) calculate the mean R, G, B values for all pixels in 
the field; 

3) calculate the deviation, dev = dev R + dev G + dev 
B; 

4) if dev is below a preset threshold, set value to 
zero, ie. discard as containing no intact cells; 



WO 98/32004 PCT/GB98/00120 

- 41 - 

5) calculate the distances d x and d 2 in colour space 
(R, G, B space) of the mean value from the two selected 
reference (calibration) points; 

6) assign a property value for the parameter being 
assessed (cell count) as d x x coef f icient/ (d a +d 2 ) ; 

7) interpolate as discussed above and described below. 

For the interpolation: for each entry in the calibration 
table for the parameter (in the PC's object database), 
find the distance Q from the calculated point to the 
points for the calibration values; select the smallest 
distance Q a ; select a maximum Q range as the range from 
Qi to Qi plus the maximum acceptable error in the 
database, select at most two other Q values (Q 2 and Q 3/ 
ie. to two other calibration values) within this range; 
and set the calculated value of the parameter P as 

P = Pi x I/O , + P. x I/O, + P ? x I/O, 
1/Q 1+ 1/Q 2 +1/Q 3 I/Q1+I/Q2+I/Q3 I/Q1+I/Q2+I/Q3 

where P lf P 2 and P 3 are the values for the parameter at 
the points for the calibration values Q 1# Q 2 , Q 3 from the 
calculated point. 

Preferably only two Q values are. used in this equation 
and the quality value referred to above is Q l . 

In more detail, the interpolation for each field (ie. 
assay) may be effected using the following steps i 

select 3 values from database (for each field) 

1 : MaxQuality 

2 : ScaleQuality 

3 : LevelQuality 

identify do = distance from measurement to best 
calibration point 
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identify dl = distance from measurement to second best 
calibration point 

1 : Set OKDist = LevelQuality/10 

2 : If dO < OKDist then use best point only 

3 : maxdist = (dO+dl) *ScaleQuality 

4 : maxdist = max (maxdist, LevelQuality) 

(make sure at least LevelQuality) 

5 : maxdist = min (maxdist, MaxQuality) 

(make sure not bigger than MaxQuaity) 

6 : Use best (set mean = best Calibration point) 

7 : Include calibration points that satisfy: 

1: distance < maxdist 

2: new mean (based on this point and used points) 

is closer to measurement than old mean 
3: ' if accepted, update mean 

8 : Continue 7: with next calibration point 

9 : When all calibration points are processed, repeat 

from 7: once more 

For pixel calibration, one may use a standard colour 
card to construct a table for RGB values. Using the 
same colour card the same table should be constructed 
for the particular scanner being used, the colour space 
should be divided (e.g. mapped onto a 16x16x16 cube 
space) , and each calculated or calibration point may be 
assigned into one such division (cube) . For more 
precision, corrected positions of such points within 
each division may be interpolated from the values of the 
division corners. (ie. the corners of one of the 16 3 cubes 
making up the colour space) . 

From the identification step (D) described above, each 
field will have been assigned a value for the parameter 
being assayed for as well as a quality factor. If the 
quality factor falls outside a preset threshold, the PC 
may be set to reject the assay result - otherwise the 
quality factor may be used as a confidence factor by the 
physician - ie. for example "the cell count is certainly 
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high/probably high/may be high but another test must be 
done to confirm it*" 

The PC at this stage should prompt the operator to 
identify the patient from whom the samples derive if 
this information has not already been supplied. This 
could be input manually, but desirably the PC will be 
linked to a bar code reader, such as an Opticon ELT 1000 
wedge reader, so that patient codes may be read in from 
sample container labels. 

The data can at this stage be exported, e.g. to the 
patient's physician's database or a central hospital 
computer. A preferred export format is the American 
Society for Testing and Materials (ASTM) format. 
Desirably the PC will be set to reject export of data 
for which the quality factor is too high or for which no 
patient identifier has been entered. 

Exarole 3 
Pes t Mo de 

A yet further interpolation technique involves the 
selection of only those measured valves which are likely 
to provide an accurate interpolation. This technique is 
particularly useful for objects having a plurality of 
fields, each sensitive to the same chemical parameter, 
for example pH, where each field is sensitive only 
within a sub-range of the total possible range of the 
chemical parameter. An example of such an object is the 
Universal Indicator pH 0-14 stick, from Merck KgaA, 
Germany which has four fields each of which exhibits a 
colour change over a sub -range of the entire 0-14 pH 
range to which the stick is sensitive. 

Thus, according to this interpolation technique a 
plurality (four in the case of the Merck stick) of 
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colour measurements, one for each field, are obtained 
for a single object. Each colour measurement comprises 
a plurality of colour components (three in the case of 
RGB measurements) , A calibration table of previously 
prepared calibration measurements for known parameter 
values (pH for the Merck stick) has already been 
compiled. 

For each colour measurement X, a distance d 5 from that 
measurement to each of the calibration points C 3 in the 
colour component (e.g. RGB) space is calculated. Two 
calibration points C k ,C i (best and second best) are 
selected for which this distance d k ,d x is respectively 
the lowest and the next lowest value. The field quality 
is set equal to the lowest distance value d k . For each 
colour component (e.g. R, G and B) the absolute 
difference a x between the component value C^C 1 ! for the 
best and second best calibration points is calculated, 
and the "smallest accepted difference" m is set to the 
largest of these values divided by an arbitrary stored 
parameter (normally having the value 3) . From the 
colour components for the measured value X lt those having 
a difference Ai greater than the smallest accepted 
difference m are chosen, and the other components are 
discarded. Thus, a number of dimensions of the 
component space are discarded because the calibration 
component values C^C 1 ! in that dimension are too close 
together, which suggests that there is little change in 
the component with the parameter to be measured. 

The next step in this technique is to compute two 
vectors in the reduced dimensional space A = X-C* amd B = 
C 1 -^. The interpolation index t is then calculated as a 
ratio of dot products t = A.B/B.B and the interpolated 
assay value y = (V^V*) .t + V k , where V k and V 1 are the 
calibration values of the assayed parameter (e.g. pH) at 
C k and C 1 . 
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This interpolation technique prevents the assay result 
from being adversely affected by variations in a 
particular colour component which are due to noise only 
and not to any variation in the assayed parameter. 

The above interpolation technique may be used for a 
single field on a substrate, in which case the colour 
components will generally be X l = R, X 2 = G, X 3 = B. 
However, when the number of fields on the substrate 
measuring the same chemical parameter is increased, such 
as in the case of the Merck pH sticks, the number of 
dimensions associated with each measurement X can be 
increased. For example, for each Merck pH stick, twelve 
dimensions can be used: Xi = R f i e idi# x 2 = R aeid2/ X 3 = R fi©id 
3 , X 4 = R fie id4, X 5 = G fieid ! etc. The calibration points C 
will similarly be twelve-dimensional* This will 
significantly improve the accuracy of the measurement 
results. In general, the components of each measurement 
X are arbitrary and may represent any measurable 
quantity on the substrate, provided that a relationship 
between the components and the assay result exists. 

Measurement of pH was performed on the scanner described 
in relation to Example 2, using Universal Indicator pH 
Sticks from Merck. The calibration curve was made by 
scanning 3 pH sticks per pH value from 4-10. The sticks 
were dipped at the same time in the same buffer 
solution. The standard solutions were calibration 
buffers for pH meters, from Orion Research Incorporated, 
Boston, MA 02129 USA, and from Merck KGaA, 64271 
Darmstadt, Germany. The sticks were immersed in the 
solution for 10 seconds then removed. The sticks were 
scanned 50 seconds after they were removed from the 
buffer. To avoid a reflecting layer of buffer at the 
scanner surface, the sticks were gently dried with a 
clean paper towel. The data for the mean values of the 
colour -numbers <R,G,B) is presented at Table 1. 
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In the pH-area (4-10) , field 2 gives the best colour- 
change, therefore this field is given the greatest 
importance, by the interpolation method in determining 
pH, (for pH 4-10) . The confidence value was determined 
from 9 measurement of each of the pHs 5, 7 and 9. These 
results are shown in Table 2 

Example 4 

Fflfiinn* 1 " ? and pro cessing glucose in blood 

The processing of glucose is similar to the processing 
of urine sticks described in Example 2, except that 
there is only one field on each stick and the 
interpolation method of Example 3 is used. 

An analysis of glucose on Glucotouch sticks from 
Lifescan, USA was performed on the scanner and compared 
to the Glucotouch meter and to the HemoCue B -glucose 
analysis method of HemoCue AB, Sweden. The results 
shown in Table 3 were determined from scanning 6 sticks 
of each concentration. 10 /xL of blood with or without 
added glucose was applied to the 6 strips with a multi- 
micropipette, and scanned within 60 seconds. The 
calibration curve was drawn scanning 3 sticks, from 0-25 
mmol/L glucose. 

Table 3 



HEMOCUE 


6LUC0METER 


SCANNER/ GLUCO 


Concentration mmol/L 


Concentration mmol/L 


Concentration mmol/L 


5.6 


5.7 


5.4 


9.7 


10.1 


10.0 


11.6 


11.9 


11.9 


14.6 


14.9 


14.5 
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Examples of the types of commercially available test 
strips (substrates) which may be read using the method 
of the invention include: 



Test substrates 

Reagent strips for urinary analysis (for 
detection of pH, specific gravity, glucose, 
protein, blood, leukocytes, ketone, nitrite, 
urobilinogen and bilirubin) 

Blood in faeces 

Immunological CRP (C-Reactive Protein) test 
Immunological R. A (Rheumatoid Arthritis) test 
Immunological test for pregnancy, HCG (Human 

Choriongonadotropin Hormone) test 
Immunological test for microalbuminuria 
Immunological test for blood from intestine, 

lower part 

Immunological test for bacterial antigens 

(streptococcus) 
Immunological test for viral antigens 

(mononucleosis) 



Sample 



urine 



faeces 
blood 
blood 
blood 

urine 
faeces 

spit 

spit 



Dry chemical analysis (reflectometric or photometric 
reading) : 

Glucose in blood blood 

Analysis of: cholesterol, triglycerides, 
potassium, creatinin in urine,* uric acid, 
GGT (gamma glutamyl transferase) , ASAT 
(aspartate amino transferase) , ALAT (alanine 
amino transferase) , CK (creatinin 
kinase) , bilirubin, amylase, LDH (Lactate 
dehydrogenase) blood/urine 

HbAlc - glycosylated haemoglobin for blood 
determination of longterm blood glucose level 

Determination of Heliobacter Pylori -infection gi tract 
contents 
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Examples of strips which can be used with the invention 
are: 



Glucose strips 



Glucostix 

AC CUTREND_GLUCOS E 

GLUCOTEST_l_44R 

Otnnican 

GlucoTouch 



Manufacturer 

Bayer Diagnostic, Germany 
Boehringer Mannheim, Germany 
Boehringer Mannheim, Germany 
B, Braun Melsungen AG, Germany 
Lifescan, USA 



Urine strips 



SfcxiB 

Nephur Test+Leuco 

Combur 

Ecur 

Multistix 10SG 
Multistix 7 
Labstix 



Manufacturer 

Boehringer Mannheim, Germany 
Boehringer Mannheim, Germany 
Boehringer Mannheim, Germany 
Bayer Diagnostics, Germany 
Bayer Diagnostics, Germany 
Bayer Diagnostics, Germany 



pH Strips 



Strip 

Universal indicator 
pH 0-14 



Manufacturer 

Merck KGaA, Germany 



Desirably, especially where more than one of a 
particular type of substrate (test strip) is being 
scanned in a session or at a time, an unused substrate 
from the same batch, or an unused substrate from the 
same batch contacted with pure water or with a 
calibrated sample, is also scanned and if the parameter 
values differ by more than a predetermined quality value 
from the expected parameter values the operator may be 
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advised to repeat the assay using a fresh batch of 
substrates . 

Although the present invention has been described in 
terms of a diagnostic system and method of applicability 
to the field of medical testing, it will be appreciated 
that the invention is of applicability in any field 
where a quantified result is required by analysis of the 
colour composition of a test result on a substrate. 

Furthermore, the invention has been described with 
particular reference to a personal computer. As will be 
understood from the foregoing, any general -purpose 
computer may be employed for the purposes of the 
invention and this is intended to be encompassed within 
the scope of the appended claims. 
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1. Diagnostic apparatus comprising: 

1) a desk- top, flat-bed optical colour scanner or a 
camera system with digitised output capable of scanning 
or otherwise imaging a substrate carrying an image 
result generated thereon by a chemical diagnostic assay 
and of generating a digitised record of such an image; 

2) a personal or network computer coupled to the 
scanner and arranged to perform a colour analysis of the 
image by analysis of the digitised record whereby to 
provide a quantified result for the diagnostic assay. 

2. Apparatus as claimed in claim 1 wherein (1) is a 
desk-top, flat-bed optical colour scanner and (2) is a 
personal computer. 

3. A method of analysis of image data from a chemical 
diagnostic assay which generates an image result on a 
substrate, said method comprising: 

i) obtaining a said image result on a substrate; 

ii) using a desk- top, flat-bed optical colour scanner 
or a camera system with digitised output linked to 
a personal or network computer scanning or 
otherwise imaging said image result whereby to pass 
to said computer a digitised record of said image 
result; 

iii) using said computer performing a colour analysis of 
said image result by manipulation of said record 
whereby to generate a quantified result for said 
assay. 

4. A method as claimed in claim 3 wherein step (ii) 
comprises using a desk-top, flat-bed optical colour 
scanner linked to a personal computer scanning said 
image result whereby to pass to said computer a 
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digitised record of said image result. 

5. A method as claimed in claim 3 or claim 4 wherein 
said colour analysis is effected by reference to a set 
of calibration values for combinations of at least two 
selected colour parameters. 

6. A method as claimed in claim 5 wherein said colour 
analysis is effected by reference to a set of 
calibration values for colours -described by a three 
component colour coordinate system. 

7. A method as claimed in claim 5 or 6 ( wherein said 
colour analysis is effected by interpolation between at 
least two of said calibration values. 

8. A method as claimed in claim 3 or claim 4 of 
analysing a digital colour image corresponding to a 
scene comprising at least one object, said object 
comprising at least one field, the colour of which is 
indicative of a result of a chemical diagnostic assay, 
the method comprising: 

identifying the location of said object in said 
image ; 

classifying said object; 

identifying digital colour data corresponding to 
said field by reference to stored data relating to 
said classified object and the location of said 
object; 

converting said digital colour data to a 
corresponding assay result. 

9. A method as claimed in claim 8, wherein said object 
is classified by identifying geometric parameters of 
said object and comparing the identified geometric 
parameters to stored geometric parameters for known 
objects. 
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10. A method as claimed in claim 8 or 9 wherein a 
plurality of objects each comprising at least one field 
^re identified in said image; and a respective assay 
result is derived for each field. 

11. A substrate for a chemical diagnostic assay the 
substrate having associated therewith a machine-readable 
identifier including information about the assay and 
preferably capable of identifying the patient source for 
the assay sample. 

12. A method of analysis of a result of a chemical 
diagnostic assay provided on a substrate, the method 
comprising accessing by means of a data acquisition 
device data, which is preferably capable of identifying 
the patient source for the assay sample, stored in a 
machine -readable identifier associated with said 
substrate and performing an analysis of said result by 
reference to said data. 

13. Apparatus for the analysis of a result of a 
chemical diagnostic assay performed on a substrate, the 
apparatus comprising: 

a data acquisition device arranged to read data, 
which is preferably capable of identifying the 
patient source for the assay sample, from a 
machine -readable identifier- associated with said 
substrate; 

a data processing system arranged to perform an 
analysis of said result by reference to said data; 
means for transferring said data from said data 
acquisition device to said data processing system; 
and 

preferably, means to transfer the assay result 
directly to a patient data file. 
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14. A diagnostic system comprising: 
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an image acquisition device arranged to generate 
digital colour image data corresponding to the 
colour composition and distribution of an image 
result of a chemical diagnostic assay; and 

data processing means arranged to receive said 
digital colour image data, and generate a 
quantified result for said assay from a stored 
relationship between the colour composition of the 
image result and assay calibration data. 

15. A diagnostic system as claimed in claim 14, wherein 
the image acquisition device is a desk-top, flat-bed 
optical computer colour scanner. 

16. A diagnostic system as claimed in claim 14 or 15, 
wherein the data processing means is a personal 
computer . 

17. A diagnostic system as claimed in any of claims 14 
to 16, wherein the data processing means is arranged to 
enter the assay result into the appropriate patient 1 s 
file. 

18 . A method for analysis of an- image result of a 
chemical diagnostic assay, comprising: 

imaging the image result to generate digital colour 
image data corresponding to the colour composition 
and distribution of the image result; and 
applying to the digital colour image data a stored 
relationship between the colour composition of the 
image result and assay calibration data to generate 
a quantified result for said assay* 
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19. A method as claimed in claim 18, further 
comprising: 

identifying the location of an assay substrate in 

said colour image data; 

classifying said assay substrate; 

identifying digital colour data corresponding to 

the image result by reference to stored data 

relating to the classified substrate. 

20. A method as claimed in claim 19, wherein the assay 
substrate is classified by identifying geometric 
parameters of the substrate and comparing the identified 
geometric parameters to stored geometric parameters for 
known substrates. 

21. A method as claimed in claim 19 or 20, further 
comprising identifying a calibration region in said 
colour image data and comparing digital colour data from 
said calibration region to stored digital calibration 
colour data whereby to derive data for the calibration 
of the digital colour data corresponding to the image 
result ♦ 

22. A method as claimed in any of claims 19 to 21, 
wherein a plurality of substrates each comprising at 
least one image result are identified in said colour 
image data; and a respective assay result is derived 
for each image result. 

23. A method as claimed in any of claims 18 to 22, 
wherein the image result is associated with a machine- 
readable identifier which is recorded in the colour 
image data and which identifies at least the patient 
details for the assay. 

24. A method as claimed in claim 23, wherein the 
machine -readable identifier is recorded in the colour 
image data. 
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25. A method as claimed in claim 23, wherein the 
machine- readable identifier is associated with the 
vessel in which the assayed substance is held during the 
assay. 

26. A method as claimed in any of claims 18 to 25, 
wherein the method comprises identifying a calibration 
region in said colour image data and generating said 
quantified result by reference to colour image data 
corresponding to said calibration region and colour 
image data corresponding to said image result. 
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